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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a crystal defect evaluating method, along with an 
etching liquid used therefor, capable of evaluating crystal defects of an SOI wafer with an 
excellent defect detecting capability, using a chromium-less etching liquid that contains no 
toxic chromium. 

SOLUTION: The SOT wafer is submerged in the etching liquid for etching of an SOI layer. 
The etch pit formed in the SOI layer is observed to evaluate crystal defects of the SOI 
wafer. The etching liquid contains iodine or iodide in the mixture liquid of hydrofluoric acid, 
nitric acid, acetic acid, and water, while maximum in capacity ratio in the etching liquid of 
nitric acid, with the etching rate of the SOI layer being adjusted to be 100nm/min or less. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

It is the approach of evaluating the crystal defect of a SOI wafer by observing the etch pit which was 
immersed into the etching reagent in the SOI wafer, etched the SOI layer, and was formed in this 
SOI layer. As said etching reagent Iodine or an iodide is contained in the mixed liquor of fluoric 
acid, a nitric acid, an acetic acid, and water. The crystal defect evaluation approach of the SOI wafer 
which the capacity factor in the etching reagent of said nitric acid is the greatest thing, and is 
characterized by using what was adjusted so that the dirty rate of said SOI layer might become 100 
or less nm/min. 
[Claim 2] 

The crystal defect evaluation approach of the SOI wafer indicated by claim 1 characterized by 
making the capacity factor of the fluoric acid in said etching reagent, a nitric acid, an acetic acid, and 
water into l:(13-17):(4-8): (4-8). 
[Claim 3] 

The crystal defect evaluation approach of the SOI wafer indicated by claim 1 or claim 2 
characterized by setting to 0.01 g or more and O.lg or less the content of the iodine contained in said 
etching reagent, or an iodide to the 11. of the total volume of this etching reagent. 
[Claim 4] 

The crystal defect evaluation approach of the SOI wafer indicated by any 1 term of claim 1 
characterized by performing etching of said SOI layer so that the remnants thickness of the SOI layer 
after etching may be set to lOnm or more thru/or claim 3. 
[ClaimS] 

The crystal defect evaluation approach of the SOI wafer indicated by any 1 term of claim 1 
characterized by the thickness of a SOI layer using a thing 200nm or less as a SOI wafer which 
performs said evaluation thru/or claim 4. 
[Claim 6] 

The etching reagent characterized by being that whose dirty rate of single crystal silicon it is the 
etching reagent used for etching of single crystal silicon, and iodine or an iodide is contained in the 
mixed liquor of fluoric acid, a nitric acid, an acetic acid, and water, and the capacity factor in the 
etching reagent of said nitric acid is max, and is 100 or less nm/min. 
[Claim 7] 

The etching reagent indicated by claim 6 to which the capacity factor of the fluoric acid in said 
etching reagent, a nitric acid, an acetic acid, and water is characterized by being l:(13-17):(4-8): (4- 

8). 

[Claim 8] 

The etching reagent indicated by claim 6 or claim 7 to which the content of the iodine contained in 
said etching reagent or an iodide is characterized by being 0.0 lg or more and O.lg or less to the 11. of 
the total volume of this etching reagent. 



[Translation done.] 



http://www4.ipdl.ndpi. go.jp/cgi^^ 9/26/2006 



JP,2004-235350,A [DETAILED DESCRIPTION] 



Page 1 of 9 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the evaluation approach of etching a SOI wafer in more detail and 
evaluating a crystal defect, and the etching reagent used in the case of etching about the approach of 
evaluating the crystal defect of a semiconductor wafer. 
[0002] 

[Description of the Prior Art] 

In recent years, since the SOI wafer which has the SOI structure where the SOI layer was formed on 
the silicon oxide which is electrically insulating is excellent in the rapidity of a device, low-power 
nature, high pressure resistance, a resistance to environment, etc., it attracts attention especially as a 
high performance LSI wafer for electron devices. The electron device with which this is formed in a 
silicon barrier layer since the embedding oxide film which is an insulator exists between a support 
substrate and a silicon barrier layer with a SOI wafer is because it has the big advantage that 
withstand voltage is high and the rate of a soft error of alpha rays also becomes low. 
[0003] 

Moreover, manufacture of a high grade and the semiconductor wafer of a low defect is called for 
with high integration of a semiconductor device in recent years. For that purpose, it is important to 
evaluate correctly the crystal defect which exists in a semiconductor wafer, and in order to reduce 
the defect of these semiconductor wafers, it is necessary to grasp the stereo of the defect correctly 
and to take the suitable measures against it. 
[0004] 

The method of carrying out selective etching of the front face of a silicon single crystal wafer with 
the Secco liquid containing a potassium dichromate etc. as an approach of detecting the crystal 
defect of a silicon single crystal wafer, and observing the wafer front face after etching with an 
optical microscope etc. is used well (patent reference 1). Moreover, in addition to this, J1RUTORU 
liquid, a Wright reagent, etc. are known as an etching reagent using a chromic acid. However, since 
these etching reagents contain the chromium which is the harmful matter, the waste fluid processing 
poses a problem. Then, the so-called chromium loess etching reagent which does not contain 
chromium is developed (the patent reference 2 and patent reference 3). 
[0005] 

Moreover, when performing selective etching and detecting the crystal defect of the usual silicon 
single crystal wafer as mentioned above, and the above-mentioned Secco liquid is used as an etching 
reagent and it etches using a chromium loess etching reagent, the dirty rate of a silicon single crystal 
is comparatively as high-speed as 1 or more micrometer/min. 
[0006] 

On the other hand, since it will become difficult to observe a crystal defect unlike defective 
evaluation with the above silicon single crystal wafers (bulk wafer) if a SOI layer is completely 
removed by etching when selective etching is performed to the front face (SOI layer) of a SOI wafer 
when performing crystal defect evaluation in the SOI layer of a SOI wafer, the etching cost which 
can be etched will be limited to under the thickness of a SOI layer. Therefore, when the thickness of 
a SOI layer performs crystal defect evaluation of thin film SOI wafers, such as 1 micrometer or less 
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especially 200nm or less which need is increasing by in recent years, and lOOnm or less, the etching 
reagent which has the dirty rate of the high speed of Secco liquid etc. cannot be applied. 

[0007] 

Then, generally, when evaluating the crystal defect of the SOI layer of a thin film SOI wafer, the 
dilution Secco etching method using the etching reagent which diluted the above-mentioned Secco 
liquid with water etc. is learned (nonpatent literature 1), and it is used as the standard approach of 
crystal defect evaluation of a SOI wafer. 
[0008] 

However, also although it said that it had diluted, this dilution Secco etching method was 
unchanging for using the Secco liquid containing the potassium dichromate which is the matter 
harmful as mentioned above, and when it evaluated the crystal defect of a SOI wafer, it had the 
problem that it had to take into consideration about the effect and waste fluid processing which are 
exerted on earth environment or the body. 
[0009] 

Although making a dirty rate small and performing crystal defect evaluation of a SOI wafer by on 
the other hand fully diluting a chromium loess etching reagent as shown in the above-mentioned 
patent reference 2 and the patent reference 3 with water like the dilution Secco etching method is 
also considered In this case, there is a problem that it is possible that the selectivity of etching falls 
and the ability to detect of a crystal defect declines, and diluting the above-mentioned chromium 
loess etching reagent with water simply cannot only estimate the crystal defect of a thin film SOI 
wafer correctly. 
[0010] 

[Patent reference 1] 
JP,6-103714,B 
[Patent reference 2] 
JP,7-263429,A 
[Patent reference 3] 
JP,11-238773,A 
[Nonpatent literature 1] 

The science of SOI, UCS semi-conductor base technical study group edit, rear rise company issue, 

p.307-308 

[0011] 

[Problem(s) to be Solved by the Invention] 

Then, this invention is made in view of the above-mentioned trouble, and the purpose of this 
invention is to offer the etching reagent used for the crystal defect evaluation approach that the 
outstanding flaw detectability force can estimate the crystal defect of a SOI wafer, and its crystal 
defect evaluation approach using the etching reagent of the chromium loess which does not contain 
harmful chromium. 
[0012] 

[Means for Solving the Problem] 

In order to attain the above-mentioned purpose, according to this invention, a SOI wafer is immersed 
into an etching reagent and a SOI layer is etched. It is the approach of evaluating the crystal defect of 
a SOI wafer by observing the etch pit formed in this SOI layer. As said etching reagent Iodine or an 
iodide is contained in the mixed liquor of fluoric acid, a nitric acid, an acetic acid, and water. The 
crystal defect evaluation approach of the SOI wafer which the capacity factor in the etching reagent 
of said nitric acid is the greatest thing, and is characterized by using what was adjusted so that the 
dirty rate of said SOI layer might become 100 or less nm/min is offered (claim 1). 
[0013] 

By using the above etching reagents and evaluating the crystal defect of a SOI wafer, in case the SOI 
layer of a SOI wafer is etched, the flaw detectability force which could perform thickness adjustment 
of a SOI layer easily when it was etching, since the dirty rate of an etching reagent was small, and 
was excellent since the selectivity of etching was also high can estimate the crystal defect of a SOI 
wafer. Moreover, since chromium does not contain in an etching reagent, it is not necessary to take 
into consideration to effect, waste fluid processing, etc. which are exerted on earth environment or 
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the body, and crystal defect evaluation of a SOI wafer can be performed easily and simple. 
[0014] 

At this time, it is desirable to make the capacity factor of the fluoric acid in said etching reagent, a 
nitric acid, an acetic acid, and water into l:(13-17):(4-8): (4-8) (claim 2). Since a SOI layer can be 
etched with the etching reagent which has a suitable etching rate and the outstanding selectivity by 
adjusting the capacity factor of the fluoric acid in an etching reagent, a nitric acid, an acetic acid, and 
water at such a rate, a crystal defect can be evaluated efficiently and with high precision. 
[0015] 

Moreover, it is desirable to set to O.Olg or more and O.lg or less the content of the iodine contained 
in said etching reagent or an iodide to the 11. of the total volume of this etching reagent (claim 3). 
By containing iodine or an iodide in an etching reagent with such a content, it can prevent certainly 
that a stain (stain film) occurs on a wafer front face during etching. Moreover, this invention person 
etc. newly discovered that the dirty rate of an etching reagent changed very a lot according to the 
content of iodine or an iodide, when iodine or an iodide contained in the etching reagent, but if 
iodine or an iodide contains with the above contents in the etching reagent, he can control easily 100 
or less nm/min of dirty rates of an etching reagent to 50 more or less nm/min. 
[0016] 

Furthermore, it is desirable to perform etching of said SOI layer so that the remnants thickness of the 
SOI layer after etching may be set to lOnm or more (claim 4). 

Thus, in case the crystal defect of a SOI layer is observed with an optical microscope etc. after that 
by etching so that the remnants thickness of the SOI layer after etching may be set to lOnm or more, 
a crystal defect can be observed easily and with high precision. 
[0017] 

Moreover, the thickness of a SOI layer can use a thing 200nm or less as a SOI wafer which performs 
said evaluation (claim 5). 

Thus, it becomes possible to evaluate a crystal defect by the crystal defect evaluation approach of the 
SOI wafer of this invention with high precision, without using the etching reagent containing 
chromium, even if the thickness of the SOI layer of the SOI wafer to evaluate is a super-thin film 
200nm or less. 
[0018] 

Furthermore, according to this invention, it is the etching reagent used for etching of single crystal 
silicon, iodine or an iodide is contained in the mixed liquor of fluoric acid, a nitric acid, an acetic 
acid, and water, and the etching reagent characterized by being that whose dirty rate of single crystal 
silicon the capacity factor in the etching reagent of said nitric acid is max, and is 100 or less nm/min 
is offered (claim 6). 
[0019] 

If it is the etching reagent which has such a description, since the dirty rate at the time of etching 
single crystal silicon is small and the selectivity of etching is large, it can use suitable for crystal 
defect evaluation of a SOI wafer etc. Furthermore, since the etching reagent of this this invention 
does not contain chromium, it does not have a bad influence to earth environment or the body, and 
does not have the problem of waste fluid processing. Therefore, use of an etching reagent becomes 
easy. 
[0020] 

At this time, it is desirable that the capacity factor of the fluoric acid in said etching reagent, a nitric 
acid, an acetic acid, and water is l:(13-17):(4-8): (4-8) (claim 7). It can consider as the etching 
reagent which has a suitable etching rate and the outstanding selectivity by adjusting the capacity 
factor of the fluoric acid in an etching reagent, a nitric acid, an acetic acid, and water at such a rate. 
[0021] 

Moreover, it is desirable that the contents of the iodine contained in said etching reagent or an iodide 
are O.Olg or more and O.lg or less to the 11. of the total volume of this etching reagent (claim 8). 
When it was the etching reagent which contains iodine or an iodide with such a content, for example 
etches into a SOI wafer, it is easy to be able to prevent certainly that a stain (stain film) occurs on a 
wafer front face, and to control the dirty rate to 100 or less nm/min and 50 more nm/min or less. 
[0022] 
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[Embodiment of the Invention] 

Hereafter, although the gestalt of operation is explained about this invention, this invention is not 
limited to these. 

this invention person etc. examined using the etching reagent of the mixed-acid system which does 
not contain harmful chromium to earth environment or the body as an etching reagent for evaluating 
the crystal defect in the SOI layer of a thin film SOI wafer. When etching a SOI wafer, in order to be 
able to perform thickness adjustment of the SOI layer of a thin film easily and to make it not reduce 
the flaw detectability force in that case, after raising the ratio of the nitric acid which has the 
effectiveness of being an oxidizer and speeding up the oxidizing velocity in a defective part, it 
conceived that it was required to reduce a dirty rate, and this invention was completed based on the 
following experimental results. 
[0023] 

(Experiment 1) 

First, in order to raise the selectivity of etching, the etching reagent which raised the capacity factor 
of a nitric acid was produced, and the dirty rate was investigated. 

In the selection etching reagent indicated by the patent reference 2 Since the volume ratio of fluoric 
acid (50 % of the weight of concentration) and a nitric acid (61 % of the weight of concentration) is 
1 : 1 2 at the maximum, it is set to this experiment. The capacity factor of a nitric acid is set to 1:15. in 
order to raise the selectivity of etching first — fluoric acid: — The etching reagent which furthermore 
diluted both an acetic acid (99.7% of concentration), and water up to 3 times to fluoric acid, i.e., 
fluoric acid:nitric-acid:acetic-acid:water, = 1:15:3:3 (hereafter, in expressing the ratio of these 4 
liquid, it always considers as this sequence.) The etching reagent used as a ratio was produced and it 
considered as the etching reagent which uses KI water solution (water solution made to dissolve 
16.6g KI in 11. water) as a stain inhibitor into 81. of the etching reagent, adding 20ml (example 1 of 
an experiment). Then, it etched into the silicon single crystal wafer using the etching reagent, and the 
dirty rate was measured. 
[0024] 

At this time, the wafer used for etching is CZ silicon single crystal wafer of p mold, crystal 
orientation <100>, the resistivity cm of 15 -21 ohms, an oxygen density 15 - 25ppma. In addition, the 
oxygen density uses the value computed using the conversion factor of JEIDA (Japan Electronic 
Industry Development Association, current JEITA). 
[0025] 

Although the capacity factor of each matter in an etching reagent raised the ratio of water 3 times 
and had diluted it with the example 1 of an experiment compared with the selection etching reagent 
of 1 : 1 5:3:3 and the above-mentioned patent reference 2 as a result of measuring the dirty rate of the 
etching reagent of the above-mentioned example 1 of an experiment, it turned out that it is a very 
high dirty rate called about 1.54 micrometer/min. 
[0026] 

moreover, as an example of the dilution Secco liquid used for crystal defect evaluation of the 
conventional SOI wafer for the comparison Fluoric acid (50 % of the weight of concentration), a 
nitric acid (61 % of the weight of concentration), The etching reagent (dilution Secco liquid) which 
mixed the chromium content solution (solution which contains lOg, and 40g Cu(N03)2 and 3H20 
for K2Cr 207 in 1.61. of solutions) by the volume ratio of 1:1.6:3.2, respectively was produced, and 
the dirty rate was measured. Consequently, it turned out that the dirty rates of dilution Secco liquid 
are about 0.065 micrometer/min (65 nm/min). 
[0027] 

Then, in order to reduce the dirty rate of the etching reagent of the above-mentioned example 1 of an 
experiment, the etching reagent which raised the capacity factor of an acetic acid and water twice 
rather than the etching reagent of the example 1 of an experiment, i.e., the etching reagent with 
which the capacity factor of each matter is set to 1 : 15:6:6, was produced (example 2 of an 
experiment). When the dirty rate of the obtained etching reagent was measured, the dirty rate is 
about 0.023 micrometer/min (23 nm/min), and it turned out that it can decrease at the rate below one 
half of the above-mentioned dilution Secco liquid. 
[0028] 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



9/26/2006 



JP,2004-235350,A [DETAILED DESCRIPTION] 



Page 5 of 9 



Furthermore, in order that the capacity factor of a nitric acid or fluoric acid might investigate the 
effect affect a dirty rate, the etching reagent (a capacity factor is 1 :30:3:3 and the example 3 of an 
experiment) which raised the capacity factor of a nitric acid, and the etching reagent (a capacity 
factor is 2:15:3:3 and the example 4 of an experiment) which raised the capacity factor of fluoric 
acid were produced, and the dirty rate of each obtained etching reagent was measured. Consequently, 
the dirty rate of the example 3 of an experiment and the example 4 of an experiment is as high-speed 
as about 1.26 micrometer/min and about 8.14 micrometer/min respectively, and it turned out that it is 
not suitable for etching of a thin film SOI wafer. In addition, 20ml of KI water solutions is added 
like [ examples / 2-4 ] an example 1. 

The above result is collectively shown in Table 1 . In addition, the solution temperature before 
etching in [ any ] an etching reagent is 24**1 degree C. 
[0029] 
[Table 1] 







(1:15:3:3) 


1 . 54 ju m/min 


S8MH2(1: 15:6:6) 


O. 023//m/min 


!WHH3<1:30:3:3) 


1. 26jum/min 


H&094(2: 15:3:3) 


8. 14/im/min 


#$RSeccoj$ 


0. 065A<m/'min 



[0030] 

Moreover, although there is no generating of the stain film and the crystal defect was observed on 
the wafer front face after etching when the front face of the silicon single crystal wafer etched with 
the chromium loess etching reagent of the above-mentioned examples 1 -4 of an experiment was 
observed, if the example 2 of an experiment was removed, the dirty rate was quick, and it was 
difficult for field ARE to occur on the front face after etching, and to be stabilized and to detect a 
crystal defect. 
[0031] 

Then, about the etching reagent (a capacity factor is 1:15:6:6) of the above-mentioned example 2 of 
an experiment which was fully able to reduce the dirty rate next, in order to check KI concentration 
dependency of the generating prevention effectiveness of the stain film, the next experiment was 
conducted. 
[0032] 

(Experiment 2) 

First, 16.6g KI (0.1 mols) was dissolved in 11. water, KI water solution was produced, and the 
capacity factor prepared 5 and the etching reagent which it added 1 5 or 20ml at a time for the KI 
water solution into 81. of etching reagents of the chromium loess of 1 :15:6:6, respectively. Since the 
weight of KI added by each etching reagent is about 0.083 and 0.249 and 0.332g, if the weight of KI 
contained in 11. of three kinds of each etching reagent is calculated, it will be set to about 0.010 and 
0.031 and 0.042g, respectively. 
[0033] 

And it etched into the same silicon single crystal wafer as experiment 1 using three kinds of 
produced etching reagents, and the wafer surface state after these three kinds of measurement of the 
dirty rate of an etching reagent and etching was observed. Drawing 2 plots the relation of the weight 
of KI and the dirty rate which are contained in 11. of etching reagents. As shown in drawing 2 , even 
if it was slight KI weight increase, it became clear that a dirty rate becomes very large. 
[0034] 

Although addition of KI expected the generating prevention effectiveness of the stain film originally, 
the effectiveness was fully demonstrated by any concentration, observation of defect density was 
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stabilized and the possible thing was checked, it did not expect that a dirty rate changed with 
addition of KJ slight in this way very a lot, but it was new discovery. When performing selective 
etching to a thin film SOI wafer using the etching reagent which consists of fluoric acid, a nitric acid, 
an acetic acid, water, and an iodide, this also takes the concentration (content) of an iodide into 
consideration, produces an etching reagent, and means that it must adjust so that it may become a 
predetermined dirty rate (100 or less nm/min). 
[0035] 

Furthermore, using the etching reagent of 1 : 1 5:5:5, like the above, KI water solution was plotted to 
5, it experimented by 15 or 20ml having added at a time, and the capacity factor plotted the result of 
having measured the dirty rate, to drawing 2 . Moreover, about the etching reagent of 1:15:4:4, it 
experimented only using what added 15ml of KI water solutions, and the result of having measured 
the dirty rate was also combined with drawing 2 , and was plotted. 
[0036] 

As shown in d rawin g 2 , it turned out that a capacity factor has KI concentration dependency of a 
dirty rate too also about the etching reagent of 1:15:5:5. In addition, it was checked that there is no 
generating of the stain film, both 1:15:5:5 and 1:15:4:4 are stabilized and it can perform observation 
of defect density. 
[0037] 

If KI which the capacity factor in an etching reagent is l:15:(4-6): (4-6), and contains in 11. of 
etching reagents from the above result is the range which is 0.01-0.04g, it is possible to be able to 
make a dirty rate into 30 or less nm/min certainly, and for there to be also no generating of the stain 
film, and for it to be stabilized and to perform evaluation of a crystal defect. Therefore, it turned out 
that such an etching reagent is very suitable as an etching reagent which evaluates the crystal defect 
of a thin film SOI wafer. 
[0038] 

Moreover, when the dirty rate was separately measured about the etching reagent which added 20ml 
of KI water solutions to 1:15:8:8, it turned out that they are about 3 nm/min. Therefore, although the 
dirty rate fell considerably when diluted to 1:15:8:8, when a SOI layer lOOnm or less was evaluated, 
for example, it could be equal to practical use, but when it dilutes further and the dirty rate was 
reduced from this, in order for etching to take long duration, it turned out that it is not efficient. 
[0039] 

Furthermore, if it is the etching reagent which has the capacity factor of above-mentioned within the 
limits when an approximation line is calculated from the value plotted by drawing 2 , even if it raises 
the weight of KI made to contain to O.lg, it will be predicted that a dirty rate can be controlled to 100 
or less nm/min. Moreover, although the dirty rate had some variations when the capacity factor 
added O.lg KI to the etching reagent of 1:15:6:6 and actually etched the silicon single crystal wafer 
into it, all were 100 or less nm/min. Therefore, if KI contained in an etching reagent is the range 
which is 0.01 -O.lg, since generating of the stain film can be prevented certainly and a dirty rate can 
be made into 100 or less nm/min and 50 more nm/min or less, it can use suitably as an etching 
reagent which evaluates the crystal defect of a thin film SOI wafer. 
[0040] 

It turned out that the capacity factor of a nitric acid is changed, and field ARE occurs on the wafer 
front face after etching, and it is hard to evaluate a crystal defect on the other hand when the capacity 
factor etched into the silicon single crystal wafer using the etching reagent (KI content is 0.01 Og) 
which added 5ml of KI water solutions used above to the mixed liquor of 1:18:6:6. Moreover, when 
the capacity factor of the nitric acid in an etching reagent was made small to less than 13, it turned 
out that the selectivity of a crystal defect falls and evaluation of the crystal defect in sufficient 
sensibility (flaw detectability force) becomes difficult. Therefore, it is judged that 13-17 are suitable 
as a capacity factor of a nitric acid. 
[0041] 

Hereafter, although the crystal defect evaluation approach of the SOI wafer of this invention is 
explained to a detail, this invention is not limited to these. 

In evaluating a thin film SOI wafer in this invention, especially the SOI wafer that serves as a 
candidate for evaluation first is not limited, and can perform crystal defect evaluation to any SOI 
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wafer produced by the well-known SOI wafer production approach. As the production approach of a 
SOI wafer, when thickness produces the thin film SOI 1 micrometer or less How to exfoliate in an 
ion-implantation layer, after sticking the silicon wafer which poured in the hydrogen ion through 
other wafers and silicon oxide from a wafer front face (it is also called the ion-implantation 
exfoliating method and the smart cutting method (trademark).) After pouring in oxygen ion from a 
silicon wafer front face and forming an ion-implantation layer, there is the approach (SIMOX law) of 
forming silicon oxide etc. by carrying out elevated-temperature heat treatment. 
[0042] 

According to these production approaches, the thickness of a SOI layer can produce comparatively 
easily super-thin film SOI layers, such as 1 micrometer or less or 500nm or less, and 200 morenm or 
less, and the SOI wafer excellent in the homogeneity of the thickness of a SOI layer can be obtained. 

[0043] 

As an etching reagent used in order to detect the crystal defect in the SOI layer of such a SOI wafer, 
the etching reagent containing iodine or an iodide is used by the crystal defect evaluation approach 
of this invention into the mixed liquor of fluoric acid, a nitric acid, an acetic acid, and water. 
[0044] 

When producing such an etching reagent, the drug solution of the semi-conductor grade marketed 
can be used, for example, in fluoric acid (50 % of the weight), a nitric acid (61 % of the weight) can 
use EL class of Kanto chemistry incorporated company, and an acetic acid (99.7 % of the weight) 
can use the best of Kanto chemistry incorporated company for the object for the semi-conductors of 
Daikin Industries, LTD. Moreover, about water, when adhesion to wafers, such as dust and dirt, is 
taken into consideration at the time of etching processing, it is desirable to use the ultrapure water 
currently used in semi-conductor industry. Moreover, it is desirable to, produce a solid iodine 
molecule (12) and the water solution of potassium iodide (KI) for example, and to add as iodine or an 
iodide. 
[0045] 

Under the present circumstances, these mixed ratios are adjusted so that it may be made for the 
capacity factor of a nitric acid to serve as max and the etching rate of a SOI layer may become 100 
or less nm/min. If an etching rate becomes a rate exceeding 100 nm/min, since adjustment of the 
remnants thickness of the SOI layer by etching will become difficult, the variation for every SOI 
wafer to evaluate may become large, or it becomes easy to generate field ARE on the front face of a 
wafer after etching, and observation of a crystal defect may become difficult. 
[0046] 

As a concrete ratio of the etching reagent to produce, it is desirable to make the capacity factor of 
fluoric acid, a nitric acid, an acetic acid, and water into 1 :(13-17):(4-8): (4-8). If the capacity factor 
of a nitric acid becomes less than 13, the selectivity of a crystal defect will fall, and there is a 
possibility that evaluation of the crystal defect in sufficient sensibility may become difficult. 
Moreover, when the capacity factor of a nitric acid exceeds 1 7, it becomes easy to generate field 
ARE on the front face of etching, and observation of a crystal defect may become difficult. 
[0047] 

On the other hand, if the capacity factor of an acetic acid and water becomes less than four, since a 
dirty rate will become quick rapidly, control of etching cost is difficult and there is a possibility of 
stopping being suitable for evaluation of a thin film SOI wafer. Moreover, since a dirty rate becomes 
late too much conversely when the capacity factor of an acetic acid and water exceeds 8, it may be 
hard coming to carry out quick evaluation. 
[0048] 

Furthermore, like this invention, since it became clear that a dirty rate is greatly influenced with the 
amount of the iodine added as mentioned above or an iodide, it is necessary to adjust the amount of 
the iodine added to an etching reagent, or an iodide in the case of an etching reagent with a low dirty 
rate, in order to make it an etching rate not exceed 1 00 nm/min. It is desirable to specifically set to 
0.0 lg or more and O.lg or less the content of the iodine contained in an etching reagent or an iodide 
to the 1 1. of the total volume of an etching reagent. If iodine or an iodide is made to contain in such 
range, it not only can prevent generating of the stain film certainly in the case of etching, but it can 
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control easily 100 or less nm/min of dirty rates to 50 more or less nm/min. 
[0049] 

If it is the etching reagent adjusted so that it might become 100 or less nm/min about a dirty rate as 
mentioned above, even if the thickness of the SOI layer of the SOI wafer to evaluate is a super-thin 
film 200nm or less, etching can adjust the remnants thickness of a SOI layer easily, and it will 
become possible to evaluate a crystal defect with high precision. 
[0050] 

In addition, although what is necessary is just to observe the wafer front face after etching with an 
optical microscope or an electron microscope, observation of the crystal defect of a SOI layer is , 
difficult to observe a crystal defect, if a SOI layer is completely removed by etching. Furthermore, it 
is difficult to control the remnants thickness of a SOI layer by etching with a precision sufficient to 
less than lOnm, and it has a possibility that the oxide-film front face of a substrate may be partially 
exposed in a wafer side depending on the case. Therefore, it is desirable to be referred to as lOnm or 
more as remnants thickness of the SOI layer after etching, and it is more desirable to be referred to as 
20nm or more. 
[0051] 
[Example] 

Although an example and the example of a comparison are shown and this invention is explained 
more concretely hereafter, this invention is not limited to these. 
(An example, example of a comparison) 

It etched by being immersed in the dilution Secco liquid (example of a comparison) which produced 
the thin film SOI wafer (a SOI layer front face is a mirror side) from which the thickness of a SOI 
layer is set to about 1 lOnm by the ion-implantation exfoliating method, and used the obtained SOI 
wafer in the etching reagent (example) of the chromium loess of this invention, or said experiment 1 . 
In addition, as an etching reagent of the chromium loess of an example, the capacity factor of each 
matter indicated to the experiment 2 used the etching reagent whose addition of KI water solution is 
20ml (the weight of KI contained in 11. of etching reagents is 0.042g) by 1:15:6:6. 
[0052] 

Moreover, when etching into a SOI wafer, the sample from which the remnants thickness of the SOI 
layer after etching differs was produced by each of an example and the example of a comparison by 
changing the etching processing time. 
[0053] 

And the SOI layer front face after etching was observed with the optical microscope (one 500 times 
the scale factor of this), the crystal defect consistency was measured, and it plotted to drawing 1 in 
quest of the relation between the remnants thickness of a SOI layer, and defect density. In addition, 
although the defect density (black dot) of the example in drawing 1 plots an observation consistency 
as it is, since the actual measurement was very small about the defect density (black trigonum) of the 
example of a comparison compared with the example, in order to, perform contrast with an example 
and the example of a comparison easily on the other hand, the value which doubled the observation 
consistency ten is plotted for convenience. 
[0054] 

Usually, since the integral imprint of the crystal defect of a SOI layer is carried out on the front face 
after the crystal defect which existed in the part by which etching removal was carried out etching 
since defect density becomes larger as the remnants thickness of a SOI layer becomes small, and 
etching cost becomes large namely, — While the measurement result of drawing 1 makes sense, it 
turns out that the dilution Secco liquid used conventionally and good correlation are acquired, and 
the etching reagent of the chromium loess of this invention can be used as an alternative of dilution 
Secco liquid. 
[0055] 

Furthermore, since the defect density measured using the etching reagent of this invention has 
detected about about 10-time defect compared with conventional dilution Secco liquid, it turns out 
that it can become possible to also detect the small crystal defect which was not able to be detected 
in the former, defective detection can be carried out very much by high sensitivity, and highly 
precise crystal defect evaluation can be performed by that the selectivity of the etching reagent of 
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this invention is extremely excellent, and the crystal defect evaluation approach of this invention. 
[0056] 

In addition, this invention is not limited to the above-mentioned operation gestalt. The above- 
mentioned operation gestalt is instantiation, and no matter it may be what thing which has the same 
configuration substantially with the technical thought indicated by the claim of this invention, and 
does the same operation effectiveness so, it is included by the technical range of this invention. 
[0057] 

[Effect of the Invention] 

As explained above, according to this invention, it has the sensibility more than the etching reagent 
containing conventional chromium, and the etching reagent of chromium loess with the small dirty 
rate of silicon (SOI layer) is offered. And it becomes possible to detect the crystal defect in a SOI 
layer by the outstanding flaw detectability force, and to evaluate it with high precision, without 
taking into consideration about the effect and waste fluid processing which are exerted on earth 
environment or the body, even if it is a thin film SOI wafer by using the etching reagent of this this 
invention. 

[Brief Description of the Drawings] 

[Drawing 1] It is the graph which showed the relation between the remnants thickness of a SOI layer, 
and defect density. 

[Drawing 2] It is the graph which plotted the relation of the weight of KI and the dirty rate which are 
contained in 11. of etching reagents. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[ Drawin g 1] It is the graph which showed the relation between the remnants thickness of a SOI layer, 
and defect density. 

[D rawing 2] It is the graph which plotted the relation of the weight of KI and the dirty rate which are 
contained in 11. of etching reagents. 

[Translation done.] 
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Jt#l : 1 5 : 6 : 6 fc*4x v *>^iK£fflRU: (HS50IJ2 ) . WMlfcx 
i6L<7)X.v-1-ls-h&mfcLtztZ?>. Z<OX.y-1-V-\AmO. 02 3^m/min (2 
3 nm/m i n) X'M. ±tB#^S c c c o&^^OT^gC&MT^ Si fc#*> 

[00 28] 

fif&£ li 7 -y g^SSJttfx -y * U - h Iz&lZ-tfm £ PK 6 , 5i§B^ 
SaWfctiftftfcXvf-V^ (3?:6tifc*U : 30 : 3 : 3, .^CT3 ) , &tf 7 
SJtSriS^X y^-V^JR (®MttJ) s 2 : 1 5 : 3 : 3. Hlg$a|4 ) JMt. W^ix^ 
«xyf->^««OXy*-U-h«r«j£Lfc. *<0*S*» 3H*#J 3 mfWm 4 <7)x -y ^ U 
— Mi-fil-fil*-? 1 . 2 6 ;u m/m i n , #>8 . 14w m/m i n b iajfC'S) 0 . fiK S 
O I V^-WX.vi-yiT'MX&Z&^Zt&iifr-oX:. 3ltfc0"!2~4 iZ^^X^M 
Wffll tmmizK I 2 0m IKMUTV^. 

ja±.«5iS***ifc:*i:»T*r. v^m^x-yf-y^jgco^tx-yf-y^micoM 

aiA2 4±lTrC&*. 
[00 29] 
[»1 3 
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JL*j=f-\s— h 


H&tfll (1:15:3:3) 


1. 54Atm/min 


H&092(1: 15:6:6) 


0. 023^m/min 


HS*093(1:3O:3:3) 


1 . 26/i m/min 


|gg&0«4(2: 15:3:3) 


8. 14^m/min 


:&g?Secco;£ 


O. 065/^m/min 



[00 30] 

;fc Jfc . ±1S.^WI 1 ~ 4 <7) ? O A VXX. y f - y ^?gf = «fc -? T X y if- V ? £ ft* 'J 3 >-* 

/v^ffi(cJiS H H HXP@* J IS^§ixfcA s - 0g8l&iJ2£l&Vvt{jx>y^l/-h7WS<.. x-yf-y^' 
[0031] 

-f-CT'. ^CXy^l^-h^H-5>U&M-rS^t* J -t'*fa±ie*^P<J2£OX yf-y^ ( 
SflJt*U : 1 5 : 6 : .6 ) (COWC. X7M yH^I^HSih^m^K I MS#4±£58 

[0032] 

(m«2) 

16. 6g«KI (0. l^/L-) £ 1 'J -y h^KO*C^)!?L-CK l^mm^imL 
. ^fiJttfl : 1 5 : 6 : 6c0^O^l^^.£0X yf-^^8 V ■•/ h/M^-f^K I 
HWiiS, 15. 2 0m 1 -f^iuL^x-yf-y^SrfflSL/i. ^ix^cOX-yf- 
>^fcife&P$*UtK I<Ofi*J±. ifaO. 083. 0. 249, 0. 3 3 2 gX'fr&fzfr 

$J0. 0 1 0. 0. 03 1. 0. 04 2 g 
[0033] 

-tl/t. ^Lf^tSwx-yfy/l^fl^tiii t|S]«l«^'j3ym^ B ^X-/N 
lex -y ^ y ^ . .r ft. £ 3 MSOx -y -f- y ^iK^x -y v~ Y coWfe t x -y f - y 
(O^x-z^H^eoS^S-tf-^^:. H2ti. x-yf-y^ifc 1 'J y h/U4* t,z&HZti& K 

ic^MftfcX y-y-v-hfccoKI^Srro-y h LftifiOTfcS. 02^1-*: J: 3 k:. 
K I m&nmfiaTh -5t(,X7fU-h tf^ffik: A£ < - 1 A £D J *»t * . 

[00 34] 

Lx&brmmzcm.vhitz. z<r>zut. y^m. mm. mm. *. ^vitm^Zc 

SX'/fy^lUtllSO 1 ^X-yNCSlRXy^-y^Sr^O^. s-Xtfeco 
jtS ttlL.TX.yfyy'i^L, m5t<75Xy^U~h ( 1 00 nm/m 

i nfclT) J: 3 tlSSL^m^^^^ t £S&H-£ . 

[0035] 

£<bK. #4Jt#l : 1 5 : 5 : 5<7)X -y f-y^iK^fflWt ±Kfc ISHtlCK 1 7K)§jRSr 5 
. 15. 20m lTojSsaaLT^^^^. Xy^-h£S3/SUi&m£l22 KTo -y 
hU£. 1:15:4: 4<?3Xyf-y^CO^T(±. K I yfc}$?ffi£ 1 5m 1 SsjD 

L^t^^SrfflVT^^tf^. -e<?0Xy^-U-b$rag^L-/i^tll2(cfiHi-Crc7 

•ybL£. 
[0036] 

m2lZ^ttzX0lZ. gftitaU : 1 5 : 5 : 5»l7fy/ItOl>tt. ^liOX-y 
-f-U-biOK IjME«#tt***4^i:3& t 45*»-5'fe. ^ 1:15:5: Sfcitfl : 1 5 
: 4 : 4cov^tX7-'f yJKo^{i^:<. :^i8®g^Sfig££;t L"n7=5::3 £ ktf~C 
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[0037] 

JiLL05tS**»<5>. X. v+V?m&<?y®SLUcjJ i \ ■ 1 5 : (4-6 ) : (4-6) "C\ Xy 
f-v^fR 1 'J y b /P+fc-Sr#$ixS Kl^'O. 01—0. 04g cotiiWX'foixif . i-/f 
l/-h&«*t:3 0nm/m i n J^Tt^S £ ttfX'Z & U t.tt'r* >WkV>ft&.l> =& 
< ttAKKttMi L-C fr * o £ t *fBT«ST* S . L^* J o T , Z <9 J: '3 &x t + > 

[00 38] 

tfz. 1:15:8: 8^K I*IS20m 1 fc^nL^Xy^y^&iC^vCJffl&X-y 
T-U-hZMMltzkZ^. fi)3 nm/m i nX'f>&Zbti s jbfr*>tz. ttztfi-oX. 1 : 
15:8: a&Tmtt&bXv+U-h&irteOtiiT-tihato. M£l* 1 0 0nm& 

[00 39] 

Sx-y^-y^RT'^nti', &lr$-li:£K. l^M^O. 1 sKKfcVCkXyf-u-Mi 1 
0 0 nm/m i n OTCWMT-* S£ t #^S!J£ft& . ^(^*Jt* ? 1 : 1 5 : 

6 : ecO^-y^-yrWUZO. 1 gtOKl 2r3SanL-C^ l >'3>'#^a'?x-y^x-yf->'/ 
fc-fT&^fcfc-r^, -?-<OX>y?-U— Hi&iW'tyVWifoitzW. KftltlOOnm 
/m i nJilT"C*->Jfc. LtztfiX, l-;t>'7'S^I?il6K 1**0. 0 1 — 0. 1 
g<03EfflT'£>fUi\ X^>f yBM(0^^513lt3[ifi±t. ifcXvfl'-hSlOOnm/ 
ni i nOT, ££>(;U±5 Onm/m i nfcTFfc-*-* - fc* ; T'£ *fctf>. f*JKSOI*>X- 

/Nco£,P B £Ra£§¥ttr$-&x y UTlSttSfcfflv »4 £ k 4 . 

[004 0] 

flWW)8*ifc*3Wt$-li\ 3*ita*l : 18 : 6 : 60S^C*ttT±fiST'ffiffl 
LfcK I 5m 1 jfitoUfcx-yf-^* ( K I . 0 1 0 s ) Srffl^Tv- 

>J a >- jjM&ft^x-v \\,zx. >y f-y /£ff x -y V/W^x-y^ffl^ST U 

aufi*) x'cotg&xmnmmtfmtizyk&zttfhfr'ifz. wnasjtttfcLT 
j± 1 3 - 1 7 mx-h h t mm ztt.& . 

[0 04 1] 

m\ **9i«oso i v^-sscom&xmmx&iz^xmfflizwiyi-t&tK *muz 

ZixblzmfcZti&hnX'li.*^. 

*%ffltzts\>xmmso i v^-^zmm-t&izhtz*) . 9£fmmn&b%z>so i >>x 

-/\{i!mc|&5ie£ii-2>k<7)Tii3:< . »SO 1 ^xwNf^#ffiT*fm£iifcfBIii<73 
s o i ^x-ystct^XPfiM^fif^ -Set a*?* soi ^x-^co#S}^rSi: L 
X. milfffl%tflumlXT<DmmsO I ^X— /\«ffi3&»^**^ 

^^^^L^^yn^xwN^ffi^^xwNfc^ijzj^^fclK&tfrLTfiSO-^Jt^ 

witih. i/va>v^—j\mmfr^&m4*y&&xLx4*>&xm$:fef8.L 
4. 

[004 2] 

ZtLtzCXWUTmiZ XiXil. S O I MomMtf 1 w mUTF, 4 5 0 0 n mJiTF. $ 4> 

t»i2 oo nmiziTt^tzmmmso imzimtmMizim-tzzttfX'Z. so i 

[0043] 

zvxokso i >>x-a»so i m^<m&Kf&itkiH-r^fzMzm^htn>x.y^y 
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[0044] 

zttfx-z. y -v!& (5 02*%) liy^^yTMm^nco^m^m^. mm 
( 6 1 mm%) immvmx&nnE sfcfc (99. immvzft* 

Sfc. smiia^flSHikUH Witf. H^a^^H 1 ( i 2 ) 

[004 5] 

i«oiK, iiifewia^JtWi, mS&nmtfrWck >%Z>£dizL. t^>. soiJl^x 

•yfy/U-hA 5 10 0nin/ini nVXTttcl, X 0 IZfflm-fZ, . X y S^V— V A* 1 
00nm/mi n SrjBi.SJS«(==5:& . X y ^-y ^Ziit S O I JKOSLJ? S©!!* 5 
ilt^S^. iFffi-f SSO I ^x-/stttfO>'N'7 > y^*^S< : Sro/iO. xy^-^f* 

<7)^x-y^ifii<7)tfiiru* j %^L^-r< J5r o . &&xm<riWgi3mmi,zti&i§&tf$>z> . 

[0046] 

^-T^x-yf-y^Oft^W^Jt^i: LTti, 7-ygg, «R, H^tf*tf)«MJt£ 1 
: (13-17) : (4-8) : ( 4 -8 ) t £ btfWZ U\. ffl»0»*Jt3&* 1 3 

tc 0 , »AKK«OWR0<H«lfc:fr * - 1 tfg>& . 
[0047] 

— *r. PKSl>'*^S:Jt^4*i1i(c:^.|,i:. x y *u-h:WS«fc:a< x-y 

, tliSO I ^x-^scoi?(lC{±®§^<^:-?>S£ix* i 'ftS. 
4fc. ftgmi>>k<^4tta*8£j@;i&%£\ lcx7fW-hWI<ft0a?S<:ft. 
ffi*Sr»«*fr v *fc < < =Sr 6 - k & . 
[0048] 

*f6qH<7)«totx-y^W-hOffi;Vvx-y-t-y^c7)%^, Bg32Btf>«k 9 izmhtttb 
3 »>3g ±fc J23 fc^OMfc: <£ 0 X -y L— h tf± & < § £ t A <B J1 4>*» t & -5 

t<DT, x.y^->^t^J[I-rS3^^^(i3^^!|iS!)^45r, X-y^j/P- btfl 0 
Onm/min£Mttc^£?lZ^&KMzmm-i>&mtl s hh. Rfltttfctt. 
^fc+fc^^ia^***^^^*)****. x-yf-y^S^^fct 1 'J >y h/t-K 
*fL0. 0 1gJ2Lh» 0. 1 gmTfr«.C:i:* s «fiLv%. i<0i ^!fir«M"C3^*4fc 

■C^r<, x./fl/-h?:10 0nm/mi n&T, JW:a5 0nm/mi nWTCSi 

[0049] 

tLh<0«t5fcLTX«yf-b-hSrl OOnm/ra i n IHT ttchko twlBfi L 7t X y f - >" 
^TfcixJf. Wmth SO I >>x— ;\<7)SO I 2 0 0 nmtAT^SifS 

MT-fcoTt. x.v^yT'izj:*) so i mc>miMzz i %%izmmx'Z . m&xmnBm 

* /mmzft* iZk j&rajfffi k tth . 
[00 50] 

WTWfRilWtraJfrrftifftV^ x-y -f-^^cj; 0 S O I B^'^tcl^S^ilT L£ 5 
I m<ontmZ kLXltl 0 nmPXkk-thZttflilt L<, 2 0 nmJjLhii-rSCt A { 
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[0051] 

immmi 
(mm&L vow) 

•fjfvaAflJSIffit-.tOSO IJI<0J*3A^l 1 0 nmt%&mmSO I *>X-^ (SO 
I Jfl3lifii{iSf7-i?n) £fl3SU &Z>i\tzSO I ^x— yN^IPjeo^o^x^x-y-f- 

>-x?s ( sitfiM ) i rz&m&m i Tffl i vzmt seccost jtwj ) e« m ltx •/ 

&Wg<Q%&}ttf 1 : 1 5 : 6 : 6T-K I 7)qg&<7)j&!jn*# 2 0 m 1 (Xy-f-y^ffc 1 'J 
■y Wl^fc^SftSKlcoffiSteO. 04 2 g) X-ht^-yf-y^Mim^ttz. 
[0052] 

^7t, SO I VX.-s\lZ^vj->f£ft%?mz^v + >7%m®Tffl*$cit2*t&Zkl l Z 
[00 53] 

•etx. x-yf-y^fsoso i xmni£%?^tM (e$5ooe) ic^Hai/osA 
n. a i iztnizm&m<r>xm t &m <jr*l> (i^aogfjusr-e^i ^/d -y t- *><ota 

[0054] 

am. soiJicofefwawi. 1 7 f y/^s^^cffi L!tg B B ^PSA { x 7 f y 

<r>X\ S O I Jf^S LH#/h£ < SrftJf =5r&« t* (-T'Sr^*> 
. x -y ^-y^fta^ < 3rfifcP3r4tt£' ) X»*IW±*& < 3r&OT. 13 1 *5»a&*tt 
a^^roTv^tfc tie. 3ts:f6BfliO^DAUXOX yf-^^JS{i. WkM^htiX\^h 
MS e c c offlit 0 , MSec c oiK<0ft@fc UTAH^*.! fc 

6 .it 

[0 0 5 5] 

S&fw. *5H3c7)x.y^-y7'?a^ffl^T^$ix^XRS8?S{i. t£#<0*3?S e ccol 
CJfrCt*n OfgmS^RSSr^aiLTV^Cli:*^. ^HJ^x-y^y^igwilSiRte** 

[00 56] 

, *m&Mfm*<omstzmt2tifrmm!§&t%nm&m- -*aw**-u mm* 

[00 57] 

£<"U A'Oi/^y (SO IS) <50X y^-U-h^'/jN$V^nAU^.<50X-y-f-^?g3^ 

iS*§^l>. LT. ^tfO^BJtfOx.y^-y^grffl^l.^ttcioT. fiSOIvx 

-At*-)tt. ffl^is^^A^catJt-f^^i^^^c-^v^-r^-ti-rfc. son 
*<Dm&xf&z&tifzx.f&mui&j]X'm\ii Lxmmmzmm-tz z t a^se t . 

imi i soi®(DftLmzbwm%b0)f®m*Lt:777x$>z>. 

[02] x-y^-y^l 'J -y h;^fc**$ilSK I^Iitl7fW-hi:(?)M(^7 
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